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A MONETARY APPROACH TO THE EXCHANGE 
RATE: DOCTRINAL ASPECTS AND EMPIRICAL 
EVIDENCE 


Jacob A. Frenkel* 


University of Chicago, Chicago, Illinois, USA and Tel-Aviv University, Tel-Aviv, Israel 


“What, then, has determined and will determine the 
value of the Franc? First, the quantity, present and 
prospective, of the francs in circulation. Second, the 
amount of purchasing power which it suits the public to 
hold in that shape.” 


Keynes (Introduction to French edition, 1924, xviii). 


Abstract 


This paper deals with the determinants of the exchange rate and develops a 
monetary view (or more generally, an asset view) of exchange rate determination. 
The first part traces some of the doctrinal origins of approaches to the analysis 
of equilibrium exchange rates. The second part examines some of the empirical 
hypotheses of the monetary approach as well as some features of the efficiency 
of the foreign exchange markets. Special emphasis is given to the role of expecta- 
tions in exchange rate determination and a direct observable measure of expecta- 
tions is proposed. The direct measure of expectations builds on the information 
that is contained in data from the forward market for foreign exchange. The 
empirical results are shown to be consistent with the hypotheses of the monetary 
approach. 


Introduction 


This paper deals with the determinants of the exchange rate. The approach 
that is taken reflects the current revival of a monetary view, or more gener- 
ally an asset view, of the role of the rates of exchange. Basically, the monetary 
approach to the exchange rate may be viewed as a dual relationship to the 
monetary approach to the balance of payments. These approaches emphasize 
the role of money and other assets in determining the balance of payments 


* T am indebted to John Bilson for comments, suggestions and efficient research assistance. 
In revising the paper I have benefited from helpful assistance from R. W. Banz and useful 
suggestions by W. H. Branson, K. W. Clements, R. Dornbusch, S. Fischer, R. J. Gordon, 
H. G. Johnson, M. Parkin, D. Patinkin and L. G. Telser. Financial support was provided 
by a grant from the Ford Foundation. 

1 This view has been forcefully emphasized by Dornbusch (1975, 1976, 1976a). See, too, 
Frenkel and Rodriguez (1975), Johnson (1975), Kouri (1975) and Mussa (1974, 1976). 
For an early incorporation of monetary considerations in exchange rate determination see 
Mundell (1968, 1971). 
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when the exchange rate is pegged, and in determining the exchange rate when 
it is flexible. 

Being a relative price of two assets (moneys), the equilibrium exchange rate 
is attained when the existing stocks of the two moneys are willingly held. It is 
reasonable, therefore, that a theory of the determination of the relative price 
of two moneys could be stated conveniently in terms of the supply of and the 
demand for these moneys. 

The renewed emphasis on the role of the supply of and the demand for moneys 
and assets as stocks in contrast with the circular flow approach to the deter- 
mination of the exchange rate (that gained popularity with the domination 
of the Keynesian revolution), revives the basic discussion of the Bullionist 
controversy culiminated in the early 1800’s and led to the developments of 
the “Balance of Trade Theory” and the “Inflation Theory” of the determina- 
tion of the exchange rate (Ricardo, 1811; Haberler, 1936; Viner, 1937). Re- 
miniscence of that controversy can be traced to present times in the various 
discussions and interpretation of the purchasing power parity doctrine. It 
may be argued that the long experience with the gold standard and with the 
gold exchange standard may have led to the retrogression of the theory of 
flexible exchange rates (Wicksell, 1911, p. 231; Gregory, 1922, p. 80).1 

The first part of the paper traces some of the doctrinal origins of approaches 
to exchange rate determination. Its purpose is to provide some perspective 
into the evolution of the theory.? The main emphasis of the paper lies in its 
second part where we examine some of the empirical hypotheses of the mone- 
tary approach. In that part we analyze the role of expectations, we describe 
a direct measure thereof, examine the efficiency of the foreign exchange market 
during the German hyperinflation, and provide some evidence which sup- 
ports the asset view of exchange rate determination. 


I. A Doctrinal Perspective to Exchange Rate Determination 


I.1. The Purchasing Power Parity Doctrine: 
The Nature of Equilibrium 


The purchasing power parity doctrine (in its absolute version) states that the 
equilibrium exchange rate equals the ratio of domestic to foreign prices. The 
relative version of the theory relates changes in the exchange rate to changes 
in price ratios. Many of the controversies around that doctrine relate to the 


1 It is of interest to note that the introduction of the “liquidity preference” schedule which 
emphasizes the role of asset markets and characterizes much of the Keynesian revolution 
in macroeconomic analysis of the closed economy, did not carry over to the popular 
versions of the Keynesian theories of the balance of payments. The Keynesian analysis of 
the balance of payments emphasizes the circular flow of income, the foreign trade multi- 
plier and, in its popular version, ignores to a large extent the role of money and other 
assets. For a notable exception, see Metzler (1968). 

2 An analogous doctrinal perspective of the evolution of the monetary approach to the 
balance of payments under fixed exchange rate is contained in Frenkel & Johnson (1976) 
and Frenkel (1976). For a further analysis see Myhrman (1976). 
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question of choice of proper price indices to be used in computing the parity. 
One extreme view argues that the proper price index should pertain to traded 
goods only (Angell, 1922; Bunting, 1939; Heckscher, 1930; Pigou, 1930; Viner, 
1937), while according to the other extreme view the proper price index should 
cover the broadest range of commodities (Hawtrey, 1919, p. 109; Cassel, 1928, 
p. 33).? 

Those who advocate the use of traded goods index emphasize the role of 
commodity arbitrage while those who advocate the broader price index em- 
phasize the role of asset equilibrium as determining the rate of exchange. If 
the role of the exchange rate is to clear the money market by equating the 
purchasing power of the various currencies, then the relevant measure should 
be a consumer price index. Proponents of this view reject the use of the whole- 
sale price index since it gives an excessive weight to traded goods (Ellis, 1936, 
pp. 28-9; Haberler, 1945, p. 312 and 1961, pp. 49-50). 

The two views differ fundamentally in the interpretation of the equilibrium 
exchange rate. The commodity arbitrage view goes even further in arguing 
that no aggregate price index is relevant and only individual commodity 
prices should be analyzed: 


“Foreign exchange rates have nothing to do with the wholesale commodity price 
level as such but only with individual prices” (Ohlin, 1967, p. 290). 


The equilibrium exchange rate reflects spatial arbitrage from which non- 
traded goods are excluded: 


“Patently, I cannot import cheap Italian haircut nor can Niagra-Falls honeymoons 
be exported” (Samuelson, 1964, p. 148). 


The asset view takes it for granted that the operation of commodity arbitrage 
equates the prices of traded goods and emphasizes that if the doctrine only ap- 
plies to traded goods, then: 

“the purchasing power parity doctrine presents but little interest ... (it) simply 
states that prices in terms of any given currency, of same commodity must be the 
same everywhere ... Whereas its essence is the statement that exchange rates are 


the index of the monetary conditions in the countries concerned” (Bresciani- 
Turroni, 1934, p. 121). 


In fact since the exchange rate links the purchasing power values of moneys 
in terms of the broad definition of the price level, one may imagine a situation 
in which all traded goods possess the same price, when expressed in common 
currency, but the exchange rate is in disequilibrium: 


1 See Viner (1937) and Johnson (1968). 

2 It might be of interest to compare these discussions with those concerning the range of 
transactions and prices that is relevant for the quantity theory of money. The latter ranged 
from suggestions to include transactions in assets and prices of securities to suggestions 
to include only what is defined as national product. 

* On the relevance of the consumer price index as a measure of the purchasing power of 
money see Marshall (1923, p. 30) and Keynes (1930, p. 54). 
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“The equilibrium to which the foreign exchange market tends is an equilibrium of 
the price level ... If the currency units of two countries be considered in terms of 
foreign trade products only, then the rate of exchange between the two currency 
units will approximate closely to the ratio of their purchasing power so calculated... 
But that is not the condition of equilibrium ... It is to the price level in general, 
of home trade products as well as foreign trade products, that the rate of exchange 
must adjust” (Hawtrey, 1919, p. 109). 

To completely divorce the determination of exchange rates from considera- 
tions of commodity arbitrage, one could even go further in developing an 
argument for using price indices of non-traded goods only. Such an argument 
was advanced by Graham: 

“Strictly interpreted then, prices of non-internationally traded commodities only 


should be included in the indices on which purchasing power pars are based” 
(Graham, 1930, p. 126, n. 44). 


Further pursuit of that idea leads to the use of the price of the least traded 
commodity—the wage rate parity—advocated by Rueff in 1926 (reproduced 
in Rueff, 1967), and similar views can also be found in Hawtrey (1919, p. 123) 
and Cassel (1930, p. 144). The wage rate approach was extended to the concept 
of production cost parities advocated by Hansen (1944, p. 182), Houthakker 
(1962, pp. 293-4) and Friedman and Schwartz (1963, p. 62). 

Whatever the price index used for computations of parities, the question 
remains of distinguishing between an equilibrium relationship and a causal 
relationship. Most authors recognized that prices and exchange rates are de- 
termined simultaneously. A minority, however, argued that there exists a 
causal relationship between prices and exchange rates. While Cassel (1921) 
claimed that the causality goes from prices to the exchange rate, Einzig (1935, 
p. 40) claimed the opposite. 


I.2. The Asset View 


Since in general both prices and exchange rates are endogenous variables that 
are determined simultaneously, discussions of the link between them provide 
little insights into the analysis of the determinants of the exchange rate. The 
original formulation of Cassel (1916) was stated in terms of the relative quan- 
tities of money. The formulation was then translated into a relationship be- 
tween prices via an application of the quantity theory of money. Conceptually, 
however, it seems clear that the role of prices in Cassel’s computation of the 
equilibrium exchange rate serves only to proxy the underlying monetary con- 
ditions. The determination of exchange rates does not seem to rely, directly 
or indirectly, on the operation of arbitrage in goods. 

In retrospect it seems that the translation of the theory from a relation- 
ship between moneys into a relationship between prices—via the quantity 
theory of money—was counterproductive and led to a lack of emphasis on 
the fundamental determinants of the exchange rate and to an unnecessary 
amount of ambiguity and confusion. It is noteworthy that the originators of 
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the theory (although not in its present name)—Wheatley (1803) and Ricardo 
—stressed the monetary nature of the issues involved as well as the irrelevance 
of commodity arbitrage as determining the equilibrium rate: 

“In speaking of the exchange and the comparative value of money in different 
countries, we must not in the least refer to the value of money estimated in commo- 
dities in either country. The exchange is never ascertained by estimating the com- 
parative value of money in corn, cloth or any commodity whatever but by estimat- 
ing the value of the currency of one country, in the currency of another” (Ricardo, 
1821, p. 128). 


When considering moneys for the purpose of determining the exchange 
rate, the relevant concept is that of a stock rather than of a flow. These con- 
cepts were an integral part of monetary theory: 

“We may consequently think of the supply (of currency) as we think of the supply 
of houses, as being a stock rather than the annual produce ... (and) of the demand 


for currency as being furnished by the ability and willingness of persons to hold 
currency” (Cannan, 1921, pp. 453-4). 


Indeed, as Dornbusch (1976) puts it “The exchange rate is determined in the 
stock market”. It is this conception of money as a stock that resulted in 
Keynes’ perceptive statement that was quoted at the start of this paper. 
The asset view of exchange rate determination became the traditional view 
as witnessed by Joan Robinson: 

“The traditional view that the exchange value of a country’s currency in any given 
situation depends upon the amount of it in existence is thus seen to be justified, 


provided that sufficient allowance is made for changes in the internal demand for 
money” (Robinson, 1935-6, p. 229). 


I.3. The Role of Expectations 


A natural implication of the asset approach is the special role expectations 
play in determining the exchange rate. The demand for domestic and foreign 
moneys depends, like the demand for any other asset, on the expected rates 
of return. Thus it may be expected that current values of exchange rates in- 
corporate the expectations of market participants concerning the future 
course of events. This notion can account therefore, for large changes in prices 
resulting from large changes in expectations. This was indeed the logical argu- 
ment used by Mill (1864, p. 178) in accounting for the sharp change in the 
price of bills occuring with the news of Bonaparte’s landing from Elba. 

The specific role of expectations in determining the exchange rate has been 
also emphasized by Marshall (1888), Wicksell (1919, p. 236), Gregory (1922, 
p. 90) and Einzig (1935, p. 120). If the foreign exchange market is efficient 
—as many other asset markets appear to be—then current prices should re- 
flect all available information. Therefore, an expectation of monetary expan- 
sion should be reflected in the current spot exchange rate since asset holders 
will incorporate the anticipated reduction in the real rate of return on the cur- 
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rency in their pricing of the existing stocks. This notion was clearly stated by 
Cassel: 


“A continued inflation ... will naturally be discounted to a certain degree in the 
present rates of exchange” (Cassel, 1928, pp. 25-26). 


Similarly: 

“The international valuation of the currency will, then generally show a tendency 
to anticipate events, so to speak, and becomes more an expression of the internal 
value the currency is expected to possess in a few months, or pherhaps in a year’s 
time” (Cassel, 1930, pp. 149-50). 


The empirical analysis in Section II will be concerned with details of the 
role of expectations in determining the exchange rate. 

Prior to concluding this section it should be emphasized that its purpose 
has not been to argue that “It’s all in Marshall”. On the contrary, a rereading 
of the writings of some of the eminent classical and neo-classical economists 
reveals the great need for supplementing their general conceptions with a de- 
tailed analysis of the transmission mechanisms. On the other hand, however, 
it is important to gain perspective and to recognize that some of the general 
conceptions and framework of analysis have already been developed by earlier 
generations of economists. It is appropriate, therefore, to view the recent 
revival of the monetary approach as a natural evolution rather than a revolu- 
tionary change in views.1 


II. Empirical Evidence: A Reexamination of the German 
Hyperinflation 


The foregoing discussion contained a doctrinal perspective to the assets ap- 
proach to the determination of exchange rates. In this section we develop 
further some of the theoretical aspects and reexamine the determinants of the 
exchange rate during the German hyperinflation in light of these considera- 
tions. That episode is of special interest since it provides an opportunity to 
examine the assets approach to a situation in which it is clear that the source 
of disturbances is monetary. Furthermore, during the hyperinflation domestic 


1 There are, of course, fundamental difficulties in defining the nature of the various junc- 
tions of intellectual understanding. As noted by H. G. Johnson: “the concept of revolution 
is difficult to transfer from its origins in politics to other fields of social science. Its essence 
is unexpected speed of change, and this requires a judgement of speed in the context of a 
longer perspective of historical change the choice of which is likely to be debatable in the 
extreme” (Johnson, 1971, p. 1). 

A casual reading of many of the popular textbook versions of balance of payments 
theories suggests, however, that the conditions, outlined by Johnson, for a rapid propaga- 
tion of a new theory may be satisfied: “the most helpful circumstances for a rapid propaga- 
tion of a new and revolutionary theory is the existence of an established orthodoxy which 
is clearly inconsistent with the most salient facts of reality, and yet is sufficiently confident 
of its intellectual power to attempt to explain those facts, and in its efforts to do so exposes 
its incompetence in a ludicrous fashion” (Johnson, 1971, p. 3). 
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(German) influences on the exchange rate dominate those occurring in the 
rest of the world. It is therefore possible to examine the relationship between 
monetary variables and the exchange rate in isolation from other factors, at 
home and abroad, which in a more normal period would have to be considered. 


II.1. Money and the Exchange Rate 

Prior to a more elaborate analysis it may be instructive to examine the as- 
sociation between the German money stock and its relative price in terms of 
foreign exchange (i.e., the exchange rate). This association is shown in Figure 
1 which describes the time series of the monthly logarithms of the German 
money supply and the mark/dollar exchange rate for the period February 
1920-November 1923 (data sources are outlined in the Appendix). As evident 
from Fig. 1 the two time series are closely related. A high supply of German 
marks is associated with its depreciation in terms of foreign exchange. 

This relationship can be examined further by estimating a polynomial dis- 
tributed lag of the effects of the money supply on the exchange rate. The 
estimates reported in Table 1 pertain to (i) the effects of current and lagged 
values of the money supply on the current level of the exchange rate and 
(ii) the effects of current and lagged values of the rates of change of the money 
supply on the current rate of change of the exchange rate. The estimates of 
the distributed lags for the equation of the rates of change reveal that the cur- 
rent rate of change of the exchange rate depends only on the current rate of 


DATE 
2002 


2005 
2008 
2011 

2102 
2105 
2108 
2111 

2202 
2205 


2208 


221l 
= LOG EXCHANGE RATE 
2302 
2305 
2308 


2311 


Fig. 1. 
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Table 1. Money and the exchange rate: polynomial distributed lag model. Monthly 
data: February 1920- November 1923 


Lag structure 


0 1 2 3 4 5 Sum 


1.032 —0.019 -0.248 -0.009 0.348 0.468 1.572 
(0.140) (0.099) (0.127) (0.082) (0.107) (0.125) (0.177) 


Dependent variable: Log Exch. 
R? = 0.996, s.e. = 0.379, D.W. = 2.05, ọ =0.775, o,, = 0.617 


0.975 0.114 —0.186 —0.136 0.052 0.168 0.987 
(0.147) (0.121) (0.130) (0.101) (0.189) (0.203) (0.357) 


Dependent variable: A Log Exch. 
R? = 0.895, s.e. = 0.390, D.W. = 2.27 


Note: In the polynomial distributed lag equation, a fourth degree polynomial with the 
sixth lag coefficient constrained to zero, was employed. The first equation relates the 
logarithm of the exchange rate to current and past levels of the logarithm of the money 
supply. The second equation relates the percentage rate of change of the exchange rate to 
current and past percentage rates of change of the money supply. ọ is the final value of 
the first order autocorrelation coefficient. An iterative Cochran—Orcutt transformation 
was employed when first order serial correlation in the residuals of the regression equations 
was evident. g, given in the Table is the standard error of the regression equation when the 
autoregressive component of the error is included. All of the other statistics are for the 
transformed model. Standard errors are in parentheses below the coefficients. 


monetary expansion. Furthermore, an acceleration of the rate of monetary 
expansion induces an equi-proportionate contemporaneous acceleration in the 
rate at which the currency depreciates. None of the lagged variables are sta- 
tistically significant. The distributed lags on the level of the exchange rate 
also show a unit elastic contemporaneous effect. In this case, however, some 
lagged values exert a significant effect on the rate of exchange. The sum of 
the coefficients is 1.57, i.e., during that period the elasticity of the exchange 
rate with respect to the money stock exceeded unity.1 The magnification ef- 
fect of money on the exchange rate is consistent with the prediction of Dorn- 
busch’s model (1976a) as well as with the prediction of the rational expecta- 
tions models of Black (1973) and Bilson (1975). If the money supply process 
is generated by an autoregressive scheme, expectations will multiply the in- 
fluence of current changes in the money stock since these changes are trans- 
mitted into the future through the autoregressive scheme.” 


1 The first equation in Table 1 should be interpreted with some caution since the high 
first order autocorrelation coefficient may reflect a misspecification. Its purpose is to 
provide a preliminary description of the relationship between money and the exchange 
rate. A more detailed analysis follows. 

2 Previous empirical work emphasizing monetary considerations in the analysis of the 
German exchange rate during the hyperinflation include Graham (1930), Bresciani- 
Turroni (1937) and more receni™ Tsiang (1959-60) and Hodgson (1972). 
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II.2. The Building Blocks of the Monetary Approach 


The foregoing analysis indicated the close association between monetary de- 
velopments and the exchange rate. In this section we outline the major build- 
ing blocks of the monetary approach to the exchange rate. Since in what fol- 
lows we apply the framework to examine data pertaining to the German 
hyperinflation, the following presentation is simplified considerably by ignor- 
ing developments in the rest of the world. 

Consider first the demand for real cash balances mê as a function of the ex- 
pected rate of inflation 2*: 


mê = g(x*); ag/én* <0 (1) 


The formulation in eq. (1) reflects the assumption that during the hyperin- 
flation, changes in the demand for money were dominated by changes in in- 
flationary expectations so that the effects of changes in output and the real 
rate of interest may be ignored. 

The supply of real balances is M/P where M denotes the nominal money 
stock and P “the” price level (we bypass for the moment the question of what 
is the appropriate price level). Equating the supply of money with the demand 
enables us to express the price level as a function of the nominal money stock 
and inflationary expectations: 


P=Mig(n*); aP/oM>0, aPléx* > 0. (2) 


The elasticity of the price with respect to x* should approximate the (absolute 
value of the) interest elasticity of the demand for money, and in the absence 
of money illusion the elasticity of the price with respect to the money stock 
should be unity. 

The second building block of the theory links the domestic price level with 
the foreign price level P* through the purchasing power parity condition: 


P=SP* (3) 


If the purchasing power parity condition holds we can substitute eq. (3) 
into (2) to get a relationship between the exchange rate, the money stock, 
inflationary expectations and the foreign price level. Since during the German 
hyperinflation it is justifiable to assume that P* is practically fixed (as com- 
pared with P), we can normalize units and define P* as unity. Thus the ex- 
change rate can be written as 


S = M|g(z*); aS/oM>0; alent > 0. (4) 


It is noteworthy that the implication that 0S/éx* > 0 is in conflict with some 
of the theories of exchange rate determination. It should be possible, therefore, 
to discriminate among alternative theories by examining the empirical rela- 
tionship between anticipated inflation and the exchange rate. A popular ana- 
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lysis of this relationship goes as follows: a higher anticipated inflation raises 
the nominal rate of interest which induces a surplus in the capital account by 
attracting foreign capital, and thereby induces a lower spot exchange rate (i.e., 
an appreciation of the domestic currency). A variant of this approach would 
argue that the higher rate of interest lowers spending, and thus induces a sur- 
plus in the balance of payments which leads to a lower spot exchange rate. A 
third variant would reach the same result by emphasizing the implications of 
the interest parity theory (which is discussed in the next Section). Accord- 
ingly, a higher rate of interest implies a higher forward permium on foreign 
exchange and if the rise in the forward exchange rate is insufficient to induce 
the required premium on foreign exchange, the spot exchange rate will have to 
fall (i.e., the domestic currency will have to appreciate). Whatever the route, 
the above analyses predict a negative relationship between the rate of interest 
and the spot exchange rate while equation (4) predicts a positive relationship. 

The alternative theory presented here emphasizes the role of asset equilib- 
rium in determining the exchange rate and its implications are illustrated in 
Fig. 2. A rise in anticipated inflation from 2) to xf lowers the demand for real 
balances, and given the nominal money stock, asset equilibrium requires a 
higher price level. Since the domestic price level is tied to the foreign price 
via the purchasing power parity, and since the foreign price is assumed fixed, 
the higher price level can only be achieved through a rise in the spot exchange 
rate from S, to S, (i.e., a depreciation of the domestic currency). 

The foregoing analysis did not specify the cause of the rise in the domestic 
rate of interest. It is necessary to emphasize that the exact analysis of the ef- 
fects of a change in interest rates depends upon the source of the disturbance. 
The presumption, however, is that during the hyperinflation the source of 
disturbances was monetary. The higher interest rate may be thought of as re- 
sulting from a rise in the rate of monetary expansion which is immediately 
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incorporated (via the Fisher effect) in inflationary expectations; to complete 
the experiment, it is possible to imagine (at least analytically) an acceleration 
in the monetary growth rate which does not instantaneously affect the mone- 
tary stock. 

The result has an intuitive appeal in that easy money induces a deprecia- 
tion of the currency. It emphasizes again the possible confusion that may arise 
from viewing the interest rate as an indicator of tight or easy monetary policy. 
The traditional expectation of a negative relationship between interest rates 
and the exhange rate may, however, be reconciled with the asset approach 
if it emphasizes the short run liquidity effect of monetary changes. Thus, in 
the short run, a higher interest rate is due to tight money which induces an 
appreciation of the currency (Dornbusch, 1976a). During hyperinflation, 
however, the expectations effect completely dominates the liquidity effect 
resulting therefore in a predicted positive relationship between the rate of in- 
terest and the price of foreign exchange. 

The previous discussion emphasized the role of expectations about future 
events in determining the current value of the exchange rate. A major diffi- 
culty in incorporating the role of expectations in empirical work has been the 
lack of an observable variable measuring expectations. Thus, for example, in 
analyzing the demand for money during the hyperinflation, Cagan (1956) in 
his classic study constructed a time series of expected inflation using a speci- 
fic transformation of the time series of the actual rates of inflation. The con- 
ceptual difficulty with such an approach stems from the fact that expectations 
are assumed to be based only on past experience and the choice of the specific 
transformation used to generate the series of expectations is to a large extent 
arbitrary. The third building block of the approach involves the choice of the 
measure of expectations that is appropriate for empirical implementation. In 
what follows we propose a direct measure of expectations which is then in- 
corporated in the analysis of the determination of the exchange rate. 

The fundamental relationship that is used in deriving the market measure 
of inflationary expectations relies on the interest parity theory. That theory 
maintains that in equilibrium the premium (or discount) on a forward contract 
for foreign exchange for a given maturity is (approximately) related to the 
interest rate differential according to: 


F-S 
8 


=i-i" (5) 


where F and S are the forward and spot exchange rates (the domestic currency 
price of foreign exchange), respectively, ¿ the domestic rate of interest and 7* 
the foreign rate of interest on comparable securities for the same maturity. 
Evidence available for various countries over various time periods suggest 
that this parity condition holds (Frenkel & Levich (1975a, 1975b); for an 
early analysis of the 1920’s see Aliber (1962)). Although, due to lack of data, 
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no comparable study has been done on the period of the German hyperinfla- 
tion, it is assumed that the parity condition has been maintained. Further- 
more, it is reasonable to assume that during the hyperinflation most of the 
variations in the difference between domestic and foreign anticipated rates of 
inflation were due to anticipated domestic (German) inflation. It follows, 
therefore, that the variations of the forward premium on foreign exchange 
(F —8)/S, may be viewed as a measure of the variations in the expected rate 
of inflation (as well as the expected rate of change of the exchange rate). 


II.3. The Efficiency of the Foreign Exchange Market 

Prior to incorporating the forward premium as a measure of expectations, it 
is pertinent to explore the efficiency of the foreign exchange market during 
the turbulent hyperinflation period. Evidence on the efficiency of that market 
will support the approach of using data from that market as the basis for in- 
ference on expectations. 

If the foreign exchange market is efficient and if the exchange rate is deter- 
mined in a similar fashion to other asset prices, we should expect the behavior 
in that market to display characteristics similar to those displayed in other 
stock markets. In particular, we should expect that current prices reflect all 
available information, and that the residuals from the estimated regression 
should be serially uncorrelated. 

To examine the efficacy of the market we first regress the logarithm of the 
current spot exchange rate, log S; on the logarithm of the one-month forward 
exchange rate prevailing at the previous month, log F;_,. 


log 8S, =a+b log F,_,+u (6) 


The expectation is that the constant term does not differ significantly from 
zero, that the slope coefficient does not differ significantly from unity and 
that the error term is serially uncorrelated. Since data on the German Mark- 
Pound Sterling (DM/£) forward exchange rate are available only for the period 
February 1921- August 1923, eq. (2) was estimated over those 31 months. 
The resulting ordinary-least-squares estimates are reported in eq. (6’) with 
standard errors in parentheses below the coefficients. 


log S; = —0.46 +1.09 log F; (6) 
(0.24) (0.03) 


R? = 0.98, s.e. = 0.45; D.W. = 1.90 


As can be seen, the constant term does not differ significantly from zero at the 
95 percent confidence level (although it seems to be somewhat negative), the 
slope coefficient is somewhat above unity (at the 95 percent confidence level) 
and, most importantly, the Durbin-Watson statisties indicates that the re- 
siduals are not serially correlated. The fact that the slope coefficient is slightly 
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Fig. 3. 


above unity may be explained in terms of transaction costs or in terms of the 
Keynesian concept of normal-backwardation (Keynes, 1930, vol. IT, p. 143).1 

Fig. 3 describes the monthly time series plot of the logarithms of the spot 
exchange rate and the forward rate prevailing in the previous month. The 
general pattern reveals that typically, when the spot exchange rate rises, the 
forward rate lies below it while when the spot exchange rate falls the forward 
rate exceeds it. This pattern is also suggested by the fact that the elasticity 
of the spot rate with respect to the previous month’s forward rate is somewhat 
above unity. 

To explore further the implications of the efficient market hypothesis we 
examine whether the forward exchange rate summarizes all relevant informa- 
tion. In an efficient market F,_, summarizes all the information concerning 
the expected value of S, that is available at period t—1. Specifically, one of 
the items of information available at t—1 is the stock of information available 
at t—2, and if the market is efficient, that information will be contained in 
F,- If however F, summarizes all available information including that 
contained in F_,, we should expect that adding F,_, as an explanatory vari- 
able to the right-hand side of (6) will not affect the coefficient of determina- 
tion and will have a coefficient that is not significantly different from zero. 
Eq. (6”) reports the results of that regression: 


log S, = —0.45 +1.10 log F; —0.006 log F, (6”) 
(0.26) (0.08) (0.08) 
R? = 0.98, s.e. = 0.46; D.W. = 1.91 


The results in (6”) support the efficient market hypothesis. 


1 The joint hypothesis that the constant term is zero and that the slope coefficient is 
unity is rejected at the 95 percent confidence level. 
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To examine further the stability of the regression coefficients during the 
various phases of the hyperinflation we divided the sample into two parts: 
“Moderate” hyperinflation and “severe” hyperinflation, where the latter 
characterized the last eight months of the sample period. A Chow test was 
performed on the estimates of equations (6’) and (6”) to test the equality of 
each and every coefficient of the two sub-period’s regressions. This procedure 
showed that the hypothesis that the regression coefficients do not differ be- 
tween the two sub-periods cannot be rejected at the 95 percent level. 

The results reported in this section provide support to the notion that dur- 
ing the hyperinflation expectations may have behaved “rationally” in the 
Muth sense. In fact, it should not be surprising that even during the turbulent 
period of the hyperinflation the efficient market hypothesis cannot be rejected. 
It stands to reason that the larger variability of exchange rates increases the rate 
of return from and the amount of resources invested in accurate forecasting. 


II.4. Prices, Money and Expectations 


In this section we examine the empirical content of the first building block 
of the monetary approach to the exchange rate by using the market measure 
of inflationary expectations in estimating eq. (2). Log-linearizing eq. (2) and 
adding an error term yields: 

log P =a +b, log M +b, logn*+u (2’) 


One of the difficulties of using the double-log form is that during some 
months, early in the sample period, the forward premium on foreign exchange 
was negative (reaching —0.8 percent per month in early 1921) reflecting the 
initial expectation that the price rise has been temporary, that the process 
will reverse itself and prices will return to their previous levels. Since the log- 
arithm of a negative quantity is not defined, the independent variable was 
transformed from z* to (k +7*) which henceforth is referred to as x. Thus, the 
estimated equation was: 


log P =a’ +b; log M +b; log n +u. (2”) 


A maximum likelihood estimation of the coefficients in (2”) along with the 
value of & resulted in a value of & ranging between 0.9 and 1.1 percent per 
month.” For ease of exposition, in what follows we set the value of k at 1 per- 
cent per month, and thus the coefficient b =bj2*/(1 +z*). 


1 For an application of the “rational” expectations hypothesis to the German hyperinfla- 
tion see Sargent & Wallace (1973). 

2 While the anticipated difference between the domestic and the foreign rates of inflation 
that is proxied by the forward premium z* may be negative, the nominal rate of interest 
may not. In principle, a relevant variable in the demand for money is “the” nominal rate 
of interest which from (5) is equal to x* + 7*. Our estimate of k, therefore, is not unreasonable 
in proxying “the” foreign nominal rate of interest. Since the purpose of this section is to 
indicate, in somewhat general terms, the implication of the first building block rather than 
to provide a precise estimate of the parameters of the demand for money, the procedure 
that was followed seems justifiable. In a separate paper we apply the market measure of 
expectations to a more detailed reexamination of the functional form and the estimates 
of the demand for money during the German hyperinflation (Frenkel, 1975). 
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Table 2. Prices, money and expectations. Monthly data: February 1921- August 
1923 


Estimated equation: Log P =a +b, log M +b, log n +u 


Dependent 

variable Constant logM logn s.0. R? D.W. ọ Oy 

LWPI —5.983 1.021 0.497 0.193 0.996 1.88 0.525 0.227 
(0.611) (0.041) (0.061) 

LWIG —5.423 0.997 0.293 0.144 0.998 1.95 0.909 0.366 
(0.779) (0.041) (0.053) 

LWHG — 4.923 0.983 0.374 0.187 0.996 1.79 0.889 0.429 
(0.925) (0.051) (0.069) 

LCOL —7.215 1.073 0.286 0.125 0.998 2.13 0.729 .0182 
(0.450) (0.029) (0.044) 

LWAG —10.027 1.103 0.194 0.254 0.992 2.06 0.373 0.274 


(0.749) (0.051) (0.074) 


Note: LWPI =log wholesale price index, LWIG =log imported-goods price index, LWHG = 
log home-goods price index, LCOL =log cost of living index, LWAG =log wage index. 
Standard errors are in parentheses below each coefficient. ọ is the final value of the auto- 
correlation coefficient. An iterative Cochran-Orcutt transformation was employed to 
account for first order serial correlation in the residuals. s.e. is the standard error of the 
equation and o, is the standard error of the regression when the autoregressive component 
of the error is included. 


It may be recalled that in postulating eq. (2) we bypassed the question of 
the appropriate price deflator. To a large extent that question is empirical 
and depends on the theory that underlies the derivation of the demand for 
money. The presumption, however, is that if the aggregate demand for money 
is dominated by household behavior, then the relevant price index should be 
the consumer price index (the cost of living). Table 2 reports the results of 
estimating eq. (2”) using alternative price deflators. Judged by the goodness 
of fit it seems that the cost of living index is the most appropriate deflator 
although, strictly speaking, such a comparison is insufficient since the various 
equations in Table 2 differ in the dependent variable. 

Judged as a whole it seems that the results in Table 2 are consistent with the 
first building block of the monetary approach to the exchange rate. In all 
cases the elasticity of the price level with respect to the money stock is close 
to unity and the elasticity with respect to x is positive as predicted from the 
consideration of the demand for money. 


II.5. The Purchasing Power Parity 


The second building block of the theory of exchange rate determination is the 
purchasing power parity. The high statistical correlation between prices and 
the exchange rate typically observed during periods of monetary disturbances 
led to the development of the purchasing power parity doctrine. Figs. 4, 5 
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and 6 show the relationships between (DM/$) exchange rate and the whole- 
sale price index, the cost of living index and the wage rate index, and Figs. 
7-8 show the relationships between the percentage change of the exchange 
rate and prices. These relationships correspond to the various price indices 
advocated for the computation of purchasing power parities.t In view of the 
observed high correlation among prices and the exchange rate, even the skep- 
tics agreed that the doctrine may possess an element of truth when applied 
to monetary disturbances (e.g., Keynes (1930, p. 91), Haberler (1936, pp. 
37-8), Samuelson (1948, p. 397)). 

Table 3 reports the results of estimates of the purchasing power parity for 
the alternative price indices. The estimated equations are derived from equa- 
tion (3) by log-linearizing and assuming that during that period P* could be 
viewed as being fixed. As can be seen this building block of the theory of 
exchange rate determination also stands up rather well. In all cases the elasti- 
cities of the exchange rate with respect to the various price indices are very 
close to unity. It also seems that while the cost of living index may be the ap- 


1 In addition to pure monetary disturbances some sharp turning points in the path of the 
exchange rate (and its rate of change) can be attributed to political events which created 
facts and affected expectations. The following outlines some of the critical events that are 
reflected in the sharp turning points (based on Tinbergen (1934)). August 29, 1921: Murder 
of Erzberger; October 20, 1921: League of Nations decision concerning partition of Upper 
Silesia—renewed disturbances. On that date there was the Wiesbaden agreement between 
Rathenau and Loucheur concerning deliveries in Rind. April 16, 1922: Rapallo Treaty 
with Russia. June 24, 1922: Murder of Rathenau leading to a heavy depreciation of the 
mark. January 11, 1923: Ruhr territory occupied by French. End of February 1923: Be- 
ginning action to support the mark. April 18, 1923: Collapse of supporting measures. 
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Fig. 7. 


propriate deflator in estimating money demand functions, the wholesale price 
index performs best in the purchasing power parity equations.? 

There remains, however, a question of interpretation. Does the doctrine 
specify an equilibrium relationship between prices and exchange rates or does 
it, in addition, specify casual relationships and channels of transmission. While 
the high correlation between the various price indices and the exchange rate 
is of some interest in describing an equilibrium relationship or in manifesting 
the operation of arbitrage in goods (depending on the price index used), they 
are of little help in explaining and analyzing the determinants of the exchange 
rate. 
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1 It is of interest to note that during the recent float (1973-74) the percentage deviation of 
the wholesale price index from purchasing power parity exceeded that of the consumer 
price index (Aliber (1976)). 
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Table 3. Exchange rate and prices. Monthly data: February 1921- August 1923 


Estimated equation: log S =a +b log P +u 


Independent 

variable Constant log P 8.e. R? D.W. e Ou 

LWPI 0.146 1.006 0.124 0.998 2.01 0.356 0.135 
(0.114) (0.010) 

LWIG — 0.219 1.058 0.208 0.996 2.01 0.269 0.216 
(0.177) (0.017) 

LWHG — 0.383 1.031 0.215 0.995 2.09 0.471 0.241 
(0.244) (0.022) 

LCOL 0.115 1.076 0.273 0.993 1.97 0.499 0.325 
(0.311) (0.030) 

LWAG 4.415 0.887 0.350 0.988 1.94 0.889 0.767 
(0.788) (0.070) 

LWAG 2.682 1.074 0.360 0.987 1.66 0.471 0.414 

2SLS (0.310) (0.038) 


Note: LWPI =log wholesale price index, LWIG =log imported-goods price index, LWHG = 
log home-goods price index, LCOL =log cost of living index, LWAG =log wage index. 
Standard errors are in parentheses below each coefficient. ọ is the final value of the auto- 
correlation coefficient. An iterative Cochran-Orcutt transformation was employed to 
account for first order serial correlation in the residuals. s.e. is the standard error of the 
equation and g, is the standard error of the regression when the autoregressive component 
of the error is included. To allow for a possible simultaneous equation bias due to the endo- 
geneity of the various prices the above equations were also estimated using a two-stage 
least squares procedure with the percentage change in the money supply and the money- 
bond ratio as instruments. None of the coefficients was significantly affected except for 
the equation using LWAG as the independent variable. The 2SLS estimates are reported 
in the last line of the Table. 


11.6. The Determinants of the Exchange Rate 

The two building blocks analyzed in the previous sections provide the in- 
gredients to the estimation of the determinants of the exchange rate. Given 
the foreign price level the purchasing power parity determines the ratio P/S. 
Given the nominal money stock and the state of expectations, the price level 
is determined so as to clear the money market. These two relationships imply 
the equilibrium exchange rate. We turn now to the estimation of the emprical 
counterpart of eq. (4). Log-linearizing and adding an error term yields 


log S =a’ +b; log M +bz log n +u (4’) 
where as before, 7=1+2:*. The estimates are reported in eq. (4”) with standard 
errors below the coefficients: 


log S = —5.135+0.975 log M +0.591 log x (4”) 
(0.731) (0.050) (0.073) 


R? = 0.994; s.e. = 0.241; D.W. = 1.91. 


As is evident these results are fully consistent with the prior expectations. 
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The elasticity of the exchange rate with respect to the money stock does not 
differ significantly from unity (at the 95 percent confidence level) while the 
elasticity of the spot exchange rate with respect to the forward premium is 
positive. The order of magnitude of the latter elasticity is similar (in absolute 
value) to the interest elasticity of the demand for money. In comparison with 
the polynomial distributed lag of Table 1 it is seen that the standard error of 
equation (4”) is significantly smaller. It is also noteworthy that the lower 
elasticity of the exchange rate with respect to the money stock is consistent 
with the intuitive explanation provided to the high elasticity of Table 1. 
There it was argued that the magnification effect was due to the role of ex- 
pectations. Indeed as is shown in eq. (4”) when expectations are included as 
a separate variable, the homogeneity postulate reemerges, the magnification 
effect of the money stock disappears and thus indicating that the equations 
in Table 1 might have been misspecified. 


II.7. Conclusions, Limitations and Extensions 

The foregoing analysis examined the empirical relationships among money, 
prices, expectations and the exchange rate during the German hyperinflation. 
Concentrating on that period provided the opportunity to isolate empirically 
some of the key relationships relevant to exchange rate determination. In 
particular, special attention has been given to simultaneous roles played by 
expectations and by monetary policy in determining the exchange rate. The 
empirical results are consistent with the monetary (or the asset) approach to 
the exchange rate. 

It should be emphasized that the monetary approach to the exchange rate 
does not claim that the exchange rate is determined only in the money (or the 
asset) market and that only stock considerations matter while flow relation- 
ships do not. Clearly, the exchange rate (like any other price) is determined in 
general equilibrium by the interaction of flow and stock conditions. In this 
respect the asset market equilibrium relationship that is used in the analysis 
may be viewed as a reduced form relationship that is chosen as a convenient 
framework. 

Concentration on the period of the hyperinflation has, however, some short- 
comings. First it does not provide any insight into the exchange rate effects 
of real disturbances like structural changes (see for example Ballasa (1964); 
Hekman (1975)). Second, and probably more important, the rapid develop- 
ments occuring during the hyperinflation prevented a detailed analysis of 


1 Recall that due to the transformation on the independent variable the (average) interest 
elasticity of the exchange rate b, is b,2*/(1 +2*) where x* is the average forward premium. 
Over the sample period the average n* was about 6.2 percent per month, yielding therefore 
an estimate of about 1/2 as the interest elasticity. This estimate of the elasticity is con- 
sistent with the estimates in Frenkel (1975) as well as with the predictions of the various 
models of the transactions demand for cash. 
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Table 4. Correlation matrix: prices, exchange rate and money. Monthly data 
February 1920— November 1923 


LWPI LWIG LWHG LCOL LWAG LEXC LMON 


LWPI 1.000 0.9986 0.9985 0.9959 0.9969 0.9992 0.9933 
LWIG 1.000 0.9956 0.9934 0.9947 0.9968 0.9942 
LWHG 1.000 0.9945 0.9949 0.9987 0.9892 
LCOL 1.000 0.9984 0.9956 0.9875 
LWAG 1.000 0.9960 0.9927 
LEXC 1.000 0.9850 
LMON 1.000 


Note: LWPI =log wholesale price index, LWIG =log import-goods price index, LWHG = 
log home-goods price index, LCOL =log cost of living index, LWAG =log wage index, 
LEXC =log exchange rate index, LMON =log money supply index. 


the channels of transmission of disturbances among the various sectors in the 
economy. For example, it might be useful to examine the exact pattern and 
chronological order by which monetary disturbances get transmitted into 
changes in the various price indices. The monthly data used in the present 
paper do not permit such a detailed analysis since most of the dynamics of 
adjustment occur within the month. The extent of this phenomenon is re- 
flected in Table 4—a correlation matrix of the various variables for the monthly 
data over the entire period (February 1920—November 1923). To gain insight 
into the more refined details of the adjustment process, it may be necessary 
to analyze the period using weekly data. A preliminary examination of the 
weekly data suggests that the various prices do differ in the details of their 
time paths but at this stage no conclusive evidence can yet be offered. 
Although the monthly data do not reveal the details of the adjustment pro- 
cess, they do reveal some systematic relationships among the coefficients of 
variation of the (logarithms of the) variables as reported in Table 5. As is seen 
in Table 5, the coefficient of variation of the money stock is about 0.15 while 
the coefficients of variation corresponding to the various price indices are 
about twice as large—about 0.30. In this respect all price indices (wholesale, 
imported-goods, home-goods and cost of living) display a common behavior. 
A third group of variables includes the various exchange rates (spot and for- 
ward) and the wage rate. All of these variables display a similar coefficient of 
variation—about 0.40. The interesting phenomena are that the extent of 
variations in the various exchange rates (and in the wage rate) exceeds the 
extent of variations in the various prices which in turn exceeds the variation 
in the money stock. Furthermore, in view of the wage rate approach to the 
exchange rate (some of the doctrinal origins of which were mentioned in Sec- 
tion I), the association among variations in the wage rate and the various 


1 An inspection of Figs. 7-8 reveals that changes in the cost of living index lag behind 
changes in the wholesale price index which are closely related to changes in the exchange 
rate. 
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Table 5. Summary statistics: prices, exchange rate and money. Monthly data 
February 1921- August 1923 


Standard Coef. of 


Variable Mean Variance deviation variation 
LMON 15.3567 5.0948 2.2571 0.1469 
LWPI 10.0477 9.5613 3.0921 0.3077 
LWIG 9.8978 8.6178 2.9356 0.2965 
LWHG 10.3210 9.1950 3.0323 0.2938 
LCOL 9.4337 7.9337 2.8166 0.2985 
LWAG 7.0522 7.6616 2.7679 0.3924 
LEXC 8.6235 10.3370 3.2151 0.3728 
LSPO 8.6235 10.3370 3.2151 0.3728 
LFOR 8.6853 11.0123 3.3184 0.3820 


Note: LMON =log money supply index, LWPI=log wholesale price index, LWIG =log 
import-goods price index, LWHG =log home-goods price index, LCOL =log cost of living 
index, LWAG =log wage index, LEXC =log (DM/$) spot exchange rate index, LSPO = 
log (DM/£) spot exchange rate index, LFOR =log (DM/£) one month forward exchange 
rate index. 


exchange rates deserves a special notice. While a detailed analysis of the im- 
plications of Table 5 is beyond the scope of the present paper, it is of interest to 
note the association among the exchange rates and the price of labor services— 
the commodity which may be most naturally classified as a non-traded good. 


Appendix: Data Sources 


Data on the DM/$ exchange rate (spot) are taken from Graham (1930) and 
from International Abstract of Economic Statistics 1919-30. London: Inter- 
national Conference of Economic Services, London, 1934. 

The one-month forward exchange rate (DM/£) as well as the (DM/E£) spot 
rates are from Einzig (1937). The primary source for this data is the weekly 
circular published by the Anglo- Portuguese Colonial and Overseas Bank, Ltd. 
(originally the London branch of the Banco Nacional Ultramarino of Lis- 
bon). The rates quoted are those of the Saturday of each week, but in cases 
where the market was closed, the latest quotation available prior to that 
Saturday is used. 

Data on money supply are from Graham and Historical Statistics as well 
as some interpolations. Prices and wages are from Historical Statistics and 
some interpolations and primary sources. 

Outstanding Treasury-Bills are from Graham. 
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